The A gamma delta fibers of the splanchnic nerve were responsible for the vagal reflex. The reflex discharges, appearing in the vagi of both sides independently of the side of peripheral stimulation, were mainly conducted to the recurrent laryngeal branch, though some activity could be traced in the broncho-visceral branch, too. Using dual shocks of varying shock-intervals the excitability cycle of the reflex was determined.
The reflex inhibition was observed by activating the somatic nerves. This was explained, at least partly, as due to sensory block at the spinal level. The phenomenon of post-tetanic potentiation could be demonstrated by using threshold stimulation. Effects of central nervous stimulation upon the reflex were examined; the inhibitory points were found in the brainstem reticular formation and the hypothalamus while the facilitation was obtained from some restricted points of the brainstem and the cortical surface. The limbic system showed no apparent effects upon the reflex.
The splanchnic-to-vagal reflex means the reflex appearing in the vagus nerve as the efferent in response to stimulation of the splanchnic nerve as the afferent.
It may be one of the basic types of the viscero-visceral reflex of which only insufficient studies have been made with the electrophysiological method. Ozawaio)
was the first who studied this type of the viscero-visceral reflex with special attention to the reflex inhibition by bladder distension or its equivalent. The purpose of the present paper is to describe some of the important properties of the reflex which have been left unrevealed.
METHODS
Cats were used. Most of the animals were prepared under pentobarbital sodium anesthesia.
Since it was shown in the preliminary observations that the Peripheral source of the vagal reflex. Since the stimulating electrodes were burried so deeply that it was difficult for us to isolate from stimulation the tissues near the splanchnic nerve. However, the following control experiment could provide evidence that spread of the stimulating current is not a serious problem. After a good reflex response of the vagus nerve was found to appear with the routine method of electrode placement, the splanchnic nerve was crushed at a point just proximal to the electrodes. This resulted in a complete abolition of the vagal response.
Then the electrodes were shifted a few millimeters proximally to the crushed point. The vagus nerve under examination again showed the reflex response with the same strength as before.
The splanchnic nerve was found much more potent to activate the vagus nerve reflexly than the somatic nerves. This will be seen in Fig. 1 nerve stimulation was compared among the splanchnic (SPL), the sciatic (SCI) and the inferior alveolar nerve (TRI). Records of column A were obtained under the usual condition of the animal. The vagal reflex response appeared with a sizable amplitude only to splanchnic nerve stimulation, whereas the response to sciatic nerve stimulation was very small and that to alveolar nerve stimulation was insigni ficant. Then the animal was given strychnine of 0.2 mg per kg of body weight through an intravenous route. Following this procedure stimulation of the somatic nerves, particularly that of the sciatic nerve, acquired some effectiveness. But it still could not exceed the effect of splanchnic nerve stimulation (column B). The heightened excitability of the reflex due to systemic strychninization was again reduced to the control level by administrating a small dose of pentobarbital sodium (6.0 mg per kg of body weight) (column C). action potential was a single monophasic wave which had a conduction velocity of 70-80 m per second. Increasing the stimulus intensity to 2 volts, the wave acquired the maximum amplitude, but there were no vagal responses at all (record A). When the stimulus intensity was 8 volts, the sympathetic trunk showed an additional small activity having a conduction velocity of 30-35 m per second (record B). It was this new wave that was associated with the reflex response of the vagus nerve. When a very intense stimulus was applied to the splanchnic nerve, the third deflection appeared in the sympathetic recording with a conduc tion velocity of 13-15 m per second, but there occurred no changes in the vagal activity (record C). According to the previous workers2,9), the three waves of the sympathetic action potential are ascribed to the A beta, A gamma-delta and the B groups, respectively, in the order of conduction velocity. It is thus concluded that the fibers of the splanchnic nerve contributing to the splanchnic-to-vagal reflex belong to the A gamma-delta group.
Distribution of the vagal reflex discharges. The vagus nerve sends its branches to many organs in the cervix and the thorax. To know what structure is most seriously affected by the reflex discharges descending through the cervical vagus would be of some interest. Since dissection of the fine branches is difficult to perform in the thorax, our approach was limited to a comparison of the activity between the recurrent laryngeal and the broncho-visceral branch. An example of the results shown in Fig. 3 clearly demonstrates that most of the impulses of the main vagus seem to be transferred to the recurrent laryngeal branch. The activity of the broncho-visceral branch could be detected only with a high amplification. The physiological significance of this finding will be discussed in. the later section. The above-mentioned complexity of the excitability cycle of the splanchnic to-vagal reflex is partly illustrated in Fig. 4 . In this experiment the vagus nerve was split into thin filaments and one of them was subjected to the recording. The filament examined in this case was found to contain two elements which were distinguished from each other by the spike size. The intensity of splanchnic nerve stimulation was adjusted to activate only the large spike but not the small spike. When the testing shock was preceded by the conditioning one with the interval of 30 msec, the testing response was such that the latency of the large spike was slightly reduced and the small spike was concomitantly activated, thus suggesting that there is acting some facilitation. Such facilitation, however, was soon replaced by the inhibition. When the conditioning-testing interval was set at 80 msec, the testing shock now completely failed to activate the large spike. The last record of Fig. 4 indicates that the inhibition had disappeared and the reflex Post-tetanic potentiation. The phenomenon of the post-tetanic potentiation is very familiar in the study of the somatic nerve reflex. This could be demonstrated with the splanchnic-to-vagal reflex as illustrated in Fig. 5 . After the control reflex responses were recorded by stimulating the splanchnic nerve every 1.5 seconds with a threshold intensity (column A), the tetanic stimulation was made with the same stimulus intensity at a frequency of 85 c.p.s. for 30 seconds. Immediately following this, there was observed a great enhancement of the reflex response (column B). The reflex potentiation so established, however, was hardly main tained for a long time. It was found 30 seconds after the tetanic stimulation that the reflex excitability had been reduced to the level slightly higher than the control.
It seems important to note that the post-tetanic potentiation as demonstrated here was difficult to obtain with the use of maximum stimulation.
Reflex inhibition by somatic nerve stimulation. Ozawa found that the splanch nic-to-vagal reflex was inhibited by bladder distension or by high frequency stimulation of the pelvic nerve. A similar but more profound reflex inhibition was obtained by activating with 100-200 c.p.s. stimulation of the somatic nerve such as the sciatic, the ulnar or the inferior alveolar nerve. Among the three nerves mentioned above, the inhibition originating from the sciatic nerve was more powerful than that from the remaining nerves. The ulnar or the inferior alveolar nerve required much stronger stimulation to produce the inhibition than did the sciatic nerve. In addition, there was a tendency for the inhibition produced by alveolar nerve stimulation to subside gradually while the stimulation was con tinued.
The time course of the reflex inhibition of somatic nerve origin was studied by using single shock stimulation of the sciatic nerve applied at varying time intervals preceding the testing reflex. is noted that the inhibition became evident 25 msec after the sciatic shock and then it was strengthened until the maximum was attained at the shock-interval of about 40 msec. Since the decay of the inhibition progressed rather slowly, it was about 800 msec after the conditioning shock that the testing reflex appeared with a size approximately the same as the control. Effects of central nervous system stimulation. Several experiments were per formed to clarify the regulatory effects of the central nervous system upon the splanchnic-to-vagal reflex. The explored structures were as follows; the cerebral cortex, the pyriform lobe, the hippocampus, the amygdaloid nuclei, the hypo thalamus including the preoptic region, and the reticular formation of the midbrain and of the medulla. For stimulating deep structures, concentric electrodes with tips separated by 0.1-0.5 mm were introduced stereotaxically (sites of stimulation were checked in the later histological examination). When the cerebral cortex was explored, stimulation was made with bipolar electrodes having ball tips. In both cases of stimulation a short electric pulse repeated at a frequency of 100 200 e.p.s. was used. This finding agrees well with that by Akert and Gernandt1).
There were occasionally found in the brainstem some restricted loci exerting an extreme facilitatory effect upon the reflex. The sites of stimulation were located in or near the cerebral peduncle and the nucleus reticularis tegmenti.
Most of the cortical areas, except for the somatosensory area, were found to exert no obvious effects upon the reflex. Within the somatosensory area there seems to exist some complex organization. It was sometimes found that high frequency stimulation of a point within the trunk region of the somatosensory area I was effective to augment the vagal reflex response. This is exemplified by Fig.   8 . In contrast to this, stimulation of a point slightly medial to the facilitatory Though the reflex studied by these authors is effected on the somatic muscles of respiration, it is common with the reflex studied here in the point that both are of visceral origin. Whether the reflex regulation originating from the brainstem is of predominantly inhibitory nature in so far as the visceral reflex is con cerned is a problem to be solved in future experiment.
In accordance with Akert and Gernandt1) single shock stimulation of the limbic structure is effective to elicit the vagal outflow, but high frequency sti mulation of the same structure has none of the apparent effects upon the vagal response elicited reflexly. This is in contrast with the fact that the splanchnically evoked vagal response is greatly enhanced by high frequency stimulation of the splanchnic nerve itself (post-tetanic potentiation). It is supposed that the pathway descending from the limbic structure is somewhat different from that ascending from the splanchnic nerve in the mode of connection to the origin of the efferent vagal fibers. For this problem further experiment seems to be required.
The somatosensory cortical area has been found to contain some complex organization to regulate the splanchnic-to-vagal reflex.
In view of the fact that the vagal reflex discharges are mainly destined to bombard the organs innervated by the recurrent laryngeal nerve, the somatosensory cortical control of the reflex might be supposed as a trace of the cortical regulation of vocalization.
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